Moyamoya disease (MMD) is a chronic cerebral circulatory disease of unknown etiology, characterized by the development of compensatory collateral vessels as a result of bilateral progressive stenosis or occlusion of the main arteries of the Willis polygon. [1, 2] Reticular anastomosis and collaterals between internal and external carotid arteries lead to a typical "puff of smoke" appearance at angiography, described by the Japanese expression, "Moyamoya". [2] Its incidence is high during the first decade of life and among females, and current findings suggest a familial susceptibility. [3] While focal motor and sensory loss are observed in children due to transient ischemic attacks, intracranial hemorrhage and cerebrovascular insufficiency are observed in adults. [2, 4] The objective of anesthesia in MMD is to preserve the balance between oxygen supply and consumption of the brain. Hypocapnia, hypercapnia, hypotension, and hypovolemia are significant risk factors for cerebral ischemia and should be avoided in order to prevent neurological morbidity in MMD. [1, 4] Therefore, monitoring tissue and organ perfusion is quite important. Monitoring of cerebral tissue oxygen saturation with near infrared spectroscopy (NIRS) is a noninvasive method, which enables evaluation of real time hemodynamics and oxygenation. [3] Moyamoya disease patients who have undergone revascularization surgery frequently undergo different operations. [5] Patients with MMD who require coronary artery surgery carry the risk for perioperative cerebral ischemia. Off-pump coronary artery bypass grafting (OPCAB) may reduce this risk compared to conventional coronary artery bypass grafting (CABG) [6] In this case, we aim to share our anesthesia experience in an MMD patient who had undergone OPCAB and cerebral oxygenation monitoring.
CASE REPORT
A 53-year-old male presented to our hospital with chest pain. Coronary angiography showed two-vessel disease and MMD was diagnosed when preparing the patient for CABG. The patient had coronary artery disease, hypertension, type 2 diabetes mellitus, and a family history of death due to cerebral artery stenosis. His physical examination was unremarkable and preoperative blood test results were within normal limits. Doppler examination revealed 100% obstruction in the right internal carotid and the left vertebral arteries, and coronary angiography revealed 100% obstruction in the left anterior descending artery (LAD) and an obstruction of the circumflex artery optus marginalis. The operation was planned using off-pump technique considering cardiopulmonary bypass and MMD-related cerebral ischemia risk.
In addition to standard monitorization of the patient, bilateral regional cerebral tissue oxygenation (rSO 2 ) (O 3 [TM] Masimo Irvine, CA, USA) and bispectral index (BIS) monitoring was performed. Anesthesia maintenance was provided with balanced anesthesia with NIRS and BIS values to be within normal ranges. During the perioperative period, heart rate, mean arterial pressure, end-tidal carbon dioxide, and body temperature were kept within normal limits. On follow-up of the serial arterial blood gases, arterial carbon-dioxide pressure (PaCO 2 ) was measured to be between 35-42 mmHg and oxygen pressure between 80-115 mmHg. The mean rSO 2 values were measured to be between 76-82% before bypass, 72-78% during the bypass, and 75-80% after bypass. Coronary bypass was performed to LAD and the optus marginalis branch of the circumflex artery. No neurological sequela developed and the patient was discharged from the hospital seven days after surgery.
DISCUSSION
Although MMD is usually limited within the intracranial space, it sometimes involves extracranial arteries such as the renal or the coronary artery. [7] In the literature, MMD-related coronary artery stenosis has been reported in only 12 cases. Only three of these patients underwent coronary artery surgery and of these, single vessel surgery was performed in only one patient who was a 56-year-old Japanese woman. [8, 9] The anesthesia method that should be selected for MMD patients is controversial. The main points that should be considered include continuity of cerebral blood flow, maintenance of intracranial pressure within normal ranges, and prevention of ischemic brain injury regardless of the selected method. [1] Balanced and total intravenous anesthesia is reported to be the proper method in revascularization surgery in MMD patients. [10] Carbon dioxide is a potent regulator of cerebral vascular tonus, and the cerebral blood flow decreases in response to hypocarbia. In MMD, hypocarbia is reported to potentiate cerebral ischemia to a higher extent and to be an important risk factor for stroke; hypercapnia is reported to lead to cerebral ischemia by diverting blood from the collateral circulation towards normal vessels. [1, 11, 12] Normocarbia is significant in providing optimal cerebral supply. [13] Kim and Yoo [6] reported that they preferred the OPCAB method for maintaining blood PaCO 2 level within normal ranges and avoiding the risk of intraoperative hypotension in an MMD case. Similarly, PaCO 2 was maintained between 35-42 mmHg, and no postoperative complications were encountered through balancing the potential hemodynamic changes by preferring a balanced anesthesia method and the OPCAB method.
Cerebral oxygen monitoring with NIRS during cardiovascular surgery is a widely accepted method with gradually increasing value. [14] Near infrared spectroscopy monitoring is suggested to be rather useful for patients who are at high risk for neurological complications during cardiac surgery. [15] Goldman et al. [16] investigated the follow-up of some of the 1,297 patients who had undergone CABG with or without NIRS, and found the stroke rate to be lower in patients who had been followed-up with NIRS during the postoperative 18 months. They reported that cerebral rSO 2 decreased when tissue oxygenation was impaired due to hypotension, hemodilution, anemia, catheter malposition during the intraoperative period, and improved when appropriate measures were taken. [14, 17] The Murkin treatment protocol can be used as an effective tool to prevent cerebral desaturation during CABG. [18] In our case, no decreases in the hematocrit that might have adversely affected cerebral oxygenation were observed during the perioperative period. The body temperatures of patients in the OPCAB did not change significantly, while the mean nasopharyngeal temperature decreased to 35.9-36.4°C. Maintenance of appropriate intraoperative ventilation and adequate gas perfusion during OPCAB, as well as monitoring and management of blood gas levels, allowed the blood gas values to be maintained within the reference ranges. Therefore, development of hypoxia, hyperoxia, hypocapnia, hypercapnia, and their unfavorable outcomes could be avoided. During OPCAB procedures, the heart rate and blood pressure are iatrogenically lowered to facilitate application of distal anastomoses. Short-term controlled hypotension does not result in serious hemodynamic changes or adverse outcomes. The mean blood pressure during application of the distal anastomoses was between 60 and 100 mmHg.
In conclusion, regional cerebral tissue oxygenation monitoring with near infrared spectroscopy has positive effects on postoperative neurological complications in Moyamoya disease patients who have undergone offpump coronary artery bypass grafting. We believe that cerebral oxygen monitoring plays a significant role for early recognition and prevention of complications that could arise as a result of occlusions in the right internal carotid artery and left vertebral arteries.
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